Relative population growth affects relative prices through the so-called BalassaSamuelson (BS) mechanism and that in turn impacts PPP. This paper empirically investigates the relationship between PPP exchange rate and relative population growth -Dornbusch and Krugman (1976; p.540) 
Introduction
The purchasing power parity (PPP) exchange rate states that exchange rates between currencies are in equilibrium when their purchasing power is the same in each of the two countries implying that the exchange rate between two countries should equal the ratio of the two countries' price level of a fixed basket of goods and services. Since the introduction of the PPP theory, a large number studies either examine the validity of this theory or identify several factors of systematic divergence of the PPP from the equilibrium exchange rate (Frenkel, 1978; Krugman, 1986; Dornbusch, 1987; Taylor, 1988; Mark, 1990; Betts and Devereux, 1996; Wu, 1996; Sarno and Taylor, 2002; Wu and Chen, 2008 and Kalyoncu and Kalyoncu, 2008 to cite a few). The Balassa-
Samuelson (BS) mechanism
1 has been considered as one of the leading explanations of real exchange rate departures from PPP. A large number of recent studies provided empirical evidence in order to support the Balassa-Samuelson hypothesis (BahmaniOskooee, 1992; Drine and Rault, 2003; Bahmani-Oskooee and Miteza, 2004; Genius and Tzouvelekas, 2008; and Lothian and Taylor, 2008 among others) . The aim of this paper is not to test the Balassa-Samuelson hypothesis; rather it aims to examine whether there is a link between PPP exchange rate and the relative population growth in the spirit of the Balassa-Samuelson mechanism.
This issue of population growth, particularly the growth of the working age population is important and has received considerable attention in the popular press concerning its potential impacts on the economy. However, academic exercises combining relative population growth and PPP exchange rate are only a few. Aloy and Gente (2005) and 4 Andersson and Österholm (2005) investigate that population structure affects real exchange rate through its impact on saving as postulated in the life-cycle hypothesis.
Aloy and Gente use the overlapping generation model while Andersson and Österholm
estimate the reduced form single equation in order to test their hypotheses empirically.
However, this paper argues that relative population growth affects price levels through its effect on nominal wages and thereby impacts PPP. According to the BS mechanism labor is immobile across countries, so wage adjustments in response to increase (decrease) in working-age population in the traded relative to the non-traded good sector increase (decrease) the relative price of non-traded goods. This tends to appreciate (depreciate) real exchange rate. More closely related to the present paper, Salim and Hassan (2009) shows that relative population growth may affect long-run PPP through its effect on money demand and price levels. However, the theoretical model underlying this analysis is informal and untenable. Transaction demand for money model for demographic dynamics to affect the real economy is simply ad hoc.
Not only that their results might be unreliable as these authors over looked crosssectional dependence in their panel data analysis. Therefore, the issue is formally analyzed in this paper in the light of the BS hypothesis. This paper uses data from 80 countries over 55 years to examine the link between relative population growth and PPP exchange rate.
The rest of the paper is organized as follows. The next section develops an analytical framework followed by the econometric methodology in section 3. Section 4 checks the validity of the relationship between PPP exchange rate and relative population growth by investigating the time series properties of the data and establishing the cointegration relationship between these variables. Concluding remarks and policy implications are given in final section.
Analytical Framework
There are mainly two variants of PPP theory: absolute and relative PPP. In its absolute form PPP states that the exchange rate between two countries' currencies equalizes the relative price levels of these economies, provided that the effects of trade barriers and transaction costs are negligible, i.e. (where k is a constant). This implies that if home price level is higher relative to the foreign price level then PPP exchange rate will depreciate and vice-versa. In order to relate the relative population growth to PPP exchange rate, it is assumed that labor supply is directly proportional to population growth. It is also assumed that the home and foreign economy produce two types of composite goods: traded and non-traded and in each country aggregate price index, P is the sum of weighted average prices of these two types of goods as follows:
where  is the share of traded goods in the price index. Prices of traded and non-traded goods are determined by prices of labor and capital employed in those sectors. To examine how these prices relate to population growth we partially resort to BalassaSamuelson hypothesis as discussed in Gregorio et al. (1994) and Sarno and Taylor (2000) . Production functions for traded and non-traded sector are given by the following Equations:
where T and N denote traded and non-traded goods, and and     1 denote contribution of labor (L) and capital (K) respectively in the production process. Finally,  is a productivity parameter. The model assumes perfect factor mobility and perfect competition in both traded and non-traded sectors. World (and hence domestic) interest rate (R) and wages (W) in two sectors are equal to their marginal products as follows,
. Perfect competition and perfect capital mobility imply Gregorio et al. (1994) show that under perfect competition prices in traded and nontraded sectors are derived by duality as follows:
Equations (4) and (5) indicate that any change in wage (W) or rate of return on capital (R) changes prices of traded and non-traded sectors. Assuming a given R the focus of this study is on W, which is determined in the labor market by demand and supply of labor.
Demand for labor comes from the firms involved in the production process. Supply of labor comes from the fraction of the total population that is at working age stage. Labor demand and supply functions can be expressed as follows:
where, w stands for real wage and x and y include exogenous factors. Labor demand is a decreasing function while the supply is an increasing function of real wage. Any changes in exogenous factors will shift demand or supply schedules and change equilibrium wage. Exogenous variables those affect supply schedule include real unemployment benefit, tax rate (fraction of wage) paid by employee, size of working age population (Minford, 1983) , unearned income, population between the ages 16 and 64 (Sarantis, 1981) and so on. Thus one of the obvious exogenous factors that shift the supply schedule is the size of labor force. Assuming a positive proportionate relationship between total population and working age people, a higher population growth (since labor is not mobile internationally according to the BS hypothesis) will increase the supply of labor, lower the equilibrium wage and thereby lower home price level relative to the world (Equation 1). Thus an increase in relative population growth results in depreciated real exchange rate. In a similar fashion, Obstfeld and Rogoff (1996) also argue that a rise (fall) in the relative foreign labor supply results in a rise (fall) in relative real wage at home. If this is the case then higher (lower) relative population growth at home will cause appreciated (depreciated) PPP exchange rate.
Hence, a negative relationship is hypothesized between PPP exchange rate and relative population growth rate based on the above discussion. Empirical data on PPP exchange rate and relative population growth rate may support this hypothesized relationship consistent with the BS effect through wage rates. Table 1 reports simple correlation   7 coefficients between relative population growth and PPP exchange rate for 80 countries.
Population growth rate is relative to the USA and PPP exchange rate is in terms of the USA dollar. 8
The above Table clearly shows that there is significant negative correlation between relative population growth and PPP exchange rate in all countries except Denmark, Ecuador, Finland, Germany, Hungary, Israel, Japan, New Zealand, Singapore, Sweden and United Kingdom. However, the positive correlation coefficients of none of these countries are statistically significant except Japan. Moreover, simple correlation coefficients cannot be used to draw meaningful conclusions about the long run relationship between these two variables. Thus, this article starts with the examination of time series properties of these variables followed by cointegration relationship between them.
Econometric issues
The econometric issues involve the examination of the underlying data for stationarity and cointegrating relationship between variables. This section covers the issues related to unit root test and cointegration in panel data set.
Panel unit root test:
The motivation to employ panel unit root test comes from the low power of univariate unit root tests like ADF or PP tests. Panel unit root tests are more powerful because of increased sample size. The alternative way to get large sample is to use long time series data, but this may cause the problem of structural break (Maddala and Kim, 1998) . By using panel data set one can exploit the extra information contained in pooled cross-section time series data. Besides, the asymptotic distribution of panel unit root test is standard normal which is in contrast to univariate time series unit root tests that have non-standard asymptotic distribution (Baltagi at el., 2007 
The null hypothesis is 0 : . Banerjee (199) notes that MW test is a non-parametric, and may be computed for any arbitrary choice of a test for the unit root.
Panel cointegration: Estimation of long run equilibrium relationship occupies a significant share in empirical time series econometrics. Long run relation among multiple time series of a single cross-section unit is investigated using cointegration technique developed by Engle and Granger (1987) , Johansen and Juselius (1990) , Johansen (1991 Johansen ( , 1995 and Phillips (1991) . The counterpart of this type of cointegration test is panel cointegration. In the literature residual-based approach and system approach have been suggested for testing cointegration in panel data set. Two widely used residual-based panel cointegration tests are those of suggested by Pedroni (1999 Pedroni ( , 2004 and Kao (1999) and the system approach is suggested by Larsson et al. (2001) .
However, Monte Carlo comparison by Gutierrez (2003) shows that in homogeneous panels Kao's (1999) test have higher (lower) power than Pedroni's (1999) test when a small-T (high-T) are included in the panel. Gutierrez also shows that both these tests outperform Larsson et al.'s (2001) test. Based on this finding this study follows residual based cointegration tests suggested by Pedroni. Pedroni's (1999 test is the extension of Engle and Granger's (1987) cointegration test for a single cross-section unit. The Engle and Granger cointegration test is based on the examination of the residual of a spurious regression performed using ) 1 ( I variables. If the variables are cointegrated then the residual will be ) 0 ( I and if the variables are not cointegrated then residual will be ) 1 ( I . Pedroni proposes tests for cointegration that allows for heterogeneous intercepts and trend across cross-section units. For two ) 1 ( I variables x and y consider the following regression 
Analysis of empirical results
This section reports and analyses panel unit root and cointegration test results. There are several panel unit root tests in the literature. However, there is no uniformly powerful test for the unit root hypothesis. This paper uses two most popular panel unit root tests, namely, MW and PP tests for testing unit roots in PPP exchange rates (PPP) and relative population growth rates (RPOPGR). MW test results based on both ADF and PP are presented in Table 2 . In case of ADF, optimum lag length is chosen on the basis of Schwartz Information Criteria (SIC) and in case of PP Newey-West bandwidth is selected using Bartlett kernel. Test results show that all series under consideration contain unit root at their level.
However, their first difference are stationary, that is, the variables are I(1). When variables are integrated to order one, the next issue of interest in empirical research is to search for long run relationship between them. Therefore, the cointegration analysis proposed by Pedroni (1999 Pedroni ( , 2004 is used next and all eleven Pedroni's tests based on the null of no cointegration are considered. Also various sources of heterogeneity under the alternative also introduced in order to allow the cointegration relation to be countryspecific. The results are reported in Table 3 . Table 4 reveals that the unit-root null hypothesis cannot be rejected at the 5% level for the variables under consideration and for both groups of high income and low income countries. Next, those tests are also applied on the variables taken in first differences and the results find evidence in favor of the rejection of the non-stationary hypothesis for all series, which justifies the possibility of cointegration. Therefore, Pedroni's cointegration tests are used for both groups of countries and the results are reported in Tables 5 and 6 . Cointegration test results for high income countries reported in Table-5 show that nine, out of eleven, test statistics are significant at 1%, 5% or 10% levels, which implies that there is long run equilibrium relationship between PPP exchange rate and relative population growth. The results for low income countries reported in Table 6 show that ten out of eleven test statistics are significant at 1% or 5% levels. Recall that nine out of eleven statistics are statistically significant when cointegration tests involve all countries in the sample. Although there are clear differences between developed and developing countries in terms of macroeconomic stability, openness and private and public investment yet there is no significant changes in empirical findings when countries are splitted based on their income group. One possible explanation is that liberalization reform programs in developed and developing countries over the past years making both set of economies more competitive than ever before. The other explanation is that capital and labour inputs tend to move together with each other and with the scale of the economy making possible to obtain similar results for both developed and developing countries. In addition, wage occupies major part of production cost; any change in wage will affect price level. This is true both for developing and developed countries. In developing countries unemployment is high, which may give an impression that change in working age population will not affect wage and hence price level. However, skilled workforces in developing countries are still in limited sizes. So any change in working age population also brings changes in skilled workforce and hence wage and price.
However, as there is evidence of cross-sectional dependence it is instructive to consier this issue while examining long-run relationship between PPP exchange rate and relative population growth. To handle this problem we use panel cointegration test proposed by Westerlund (2007 Pedroni (2000 Pedroni ( , 2001 ) is used to test this hypothesized sign between these two variables. FMOLS is estimated both with and without common time dummies. Pedroni(2000) notes that common time dummies are intended to capture certain types of cross-sectional dependency. Table-8 below reports the FMOLS results for the whole panel (individual country results reported in Annex- Table 2 ). The results show that in both the cases the long-run regression coefficient of the independent variable (relative population growth) is negative. This supports our argument that there is long-run negative relation between PPP exchange rate and relative population growth. It is worthwhile to note here that despite inclusion of time dummies, the long-run coefficient is still highly significant. This result is consistent with previous conclusion that even though there is cross-sectional dependencies, variables under consideration have long run equilibrium relation.
Time series results presented above turn out to be able to put in evidence a significant long-run relationship between PPP exchange rate and relative population growth. This relationship is largely accepted for most of the countries using the FMOLS (see Appendix Table 2 ). However, this result does not mean that BS hypothesis is uniformly supported by data for all countries, since 13 (Canada, Denmark, Ecuador, Finland, Germany, Hungary, Israel, Japan, Mauritius, New Zealand, Singapore, Sweden and United Kingdom) of them are proved not follow the BS path. The positive signs of long-run parameter estimates for these countries may be attributable to the failure of the BS hypothesis. The failure of the BS hypothesis may simply be that there are many additional long-run real exchange rate determinants that have to be considered.
However, we leave that for our future research.
Conclusion and policy implications
This paper empirically examines the link between the relative population growth and PPP exchange rate through the so-called Balassa-Samuelson effect. It argues that relative population growth have significant role in explaining movement in national price levels through its impact on wages and that in turn affect PPP exchange rate.
Since labor is immobile in the BS mechanism, so wage adjustment in response to increase (decrease) in working age population in the traded relative to non-traded good sector increase (decrease) the relative price of non-traded goods. This tends to appreciate (depreciate) real exchange rate. The finding of this paper is thus consistent with the BS hypothesis that operates through the wage rate. This paper relies on panel data and recent advances in panel unit-root and panel cointegration in testing the long run equilibrium relationship between relative population growth rates and PPP exchange rates for 80 countries and provides strong results supporting the hypothesis.
This result is consistent with earlier finding obtained in Aloy and Gente (2005) Note: * and ** indicate significant at 10% and 1% level.
